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Introduction

Energy storage model

Formulating the revenue optimization problem

Perfect foresight results
o DA market arbitrage

o DA/RT market arbitrage

o DA arbitrage and frequency regulation (not in paper)

DA prices as a forecast

Limit order algorithm

Summary 
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Energy storage is capable of  providing a number of  grid services

òEnergy applicationsó ðtypically transpire over long periods of  time, often up to 
several hours

òPower applicationsó - happen on a much quicker time scale, seconds to minutes, 
and are often aimed at maintaining grid stability

In market areas ðremuneration only for services associated with market products

This paper focuses on day-ahead (DA) market and real-time (RT) market arbitrage 
opportunities in CAISO
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Energy flow model

Ὓ: state of  charge at time step ὸ(MWh)

: storage efficiency (percent)

ή : quantity of  energy purchased for recharging at time step ὸ(MWh)

ή : quantity of  energy sold for discharging at time step ὸ(MWh)

Constraints:
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State of  charge model

Decision variables

Constraints
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Objective function

Analyzed 3 years for market data (2014-2016) for ~2200 CAISO nodes

Energy storage model parameters
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Analyzed ~2200 LMP nodes in CAISO

Day ahead market arbitrage

Day ahead and real time market arbitrage

Key takeaways

Revenue opportunity is highly location dependent

Significantly more potential revenue if  the real time market is included

Storage model

1 MW, 4 MWh

80% efficiency
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Results for DA market arbitrage and 
frequency regulation1

1wΦ IΦ .ȅǊƴŜΣ ¢Φ !Φ bƎǳȅŜƴ ŀƴŘ wΦ WΦ /ƻƴŎŜǇŎƛƻƴΣ άhǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛƴ /!L{hΣϦ ŀŎŎŜǇǘŜŘ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ƛƴ
the 2018 IEEE Power and Energy Society (PES) General Meeting, August 5-9, 2018.

Results for DA/RT market arbitrage 
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BOTTOM 10

SYLMARDC_2_N501, $53.87K 

JBBLACK1_7_B1, $54.42K 

JBBLACK2_7_B1, $54.65K 

PIT3_7_N001, $55.83K 

PIT6U2_7_B1, $56.02K 

PIT5_7_N001, $56.22K 

PIT5_7_B1, $56.22K 

PIT6U1_7_B1, $56.34K 

PIT3_2_B1, $56.41K 

PIT1U1_7_B2, $56.65K 

TOP 10

ELCAPTN_1_N001, $145.87K 

MERCED_1_N001, $146.12K 

ATWATER_1_B2, $146.28K 

ATWATER_1_N001, $146.28K 

ELCAPTN_1_N004, $146.38K 

LIVNGSTN_1_N001, $146.52K 

CRESSEY_1_N001, $147.44K 

CRESSEY_1_N003, $147.44K 

ELNIDO_1_N001, $155.05K 

ELNIDO_1_N004, $155.05K 

20 highest/lowest revenue nodes
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BOTTOM 10

CHICOB_1_N002, $244.64K 

TJI-230_2_N101, $244.78K 

FULTON_2_N049, $244.79K 

TLRELKE_6_N001, $244.79K 

KANAKA_1_N001, $244.97K 

KANAKA_1_N003, $245.02K 

BUTTE_1_N101, $245.05K 

HYATT5_7_B1, $245.60K 

PIT6U1_7_B1, $246.70K 

COVERD_7_B1, $246.70K 

TOP 10

BIGCRK1_2_B1, $333.00K 

RECTOR_6_N009, $340.56K 

CRESSEY_1_N001, $340.56K 

CRESSEY_1_N003, $340.56K 

JRWOOD_1_N001, $340.56K 

JRWDGEN_1_N001, $340.56K 

HINSON_6_N001, $346.68K 

LBEACH1G_7_N001, $346.68K 

LBEACH2G_7_N001, $346.68K 

LBEACH2G_7_N002, $346.68K

20 highest/lowest revenue nodes

wΦ IΦ .ȅǊƴŜΣ ¢Φ !Φ bƎǳȅŜƴ ŀƴŘ wΦ WΦ /ƻƴŎŜǇŎƛƻƴΣ άhǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ ƛƴ /!L{hΣϦ ŀŎŎŜǇǘŜŘ ŦƻǊ ǇǳōƭƛŎŀǘƛƻƴ ƛƴ
the 2018 IEEE Power and Energy Society (PES) General Meeting, August 5-9, 2018.
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Distribution of  potential revenue

DA market arbitrage (perfect foresight)

DA/RT market arbitrage (perfect foresight)
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DA/RT arbitrage results by node
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In addition to the strong dependence on location, there was also a significant 
temporal variation in revenue (e.g., some months are much better than others)

R. H. Byrne, T. A. Nguyen, D. A. Copp, R. J. Concepcion, B. R. Chalamala, I. Gyuk, òOpportunities for Energy Storage in CAISO: 

Day-Ahead and Real-Time Market Arbitrage,ó proceedings of IEEE SpeedamSymposium, June 2018, pp. 1-6. 

Monthly day-ahead arbitrage revenue profile for the minimum node, the median node, 

and the maximum node 2014-2016.
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Characteristics of  the highest revenue node


